In this paper, we aim to verify the numerical magnitude of the relative uncertainty in the measurement of fundamental physical constants. For this purpose, we use a metric called comparative uncertainty with which an a priori mismatch between the selected model and the observed physical object is checked. The comparative uncertainty is caused by the finite number of dimensional variables of the applied model. We show a comparison of the achieved values of the relative and comparative uncertainties of the gravitational constant, Planck's constant, Boltzmann's constant, and fine structure constant, according to data published in the scientific literature over the last 7 -15 years. The results generally agree well with CODATA recommendations. We show that the comparative uncertainty as a universal metric can be used for the identification of recommended target values of the relative uncertainty in the field experiments.
Introduction
The physical laws express the quantitative relationship between different physical quantities in mathematical form. They are set on the basis of generalization of obtained experimental data, and reflect the objective laws existing in nature.
So fundamentally important is it that all physical laws are an approximation to reality, since the construction of the theories is formulated by certain models B. Menin of phenomena and processes. Outside these models, the laws do not work or work poorly. Therefore, they have certain limits of applicability. In other words, physical laws give good predictions in a specific area of experimental conditions, and the corresponding theory explains them. A more accurate or more correct theory has a wider range of applications. Scientists believe that physical laws, at least, enable us to predict results to an arbitrary accuracy. For example, classical mechanics, based on Newton's three laws and the law of universal gravitation, is valid only for the motion of bodies with velocities much smaller than the speed of light. If the velocities of the bodies are comparable to the speed of light, predictions of classical mechanics are wrong. Special relativity has successfully coped with these problems. In fact, all physical theories are limited. The correspondence principle requires that a new theory with the broader area of applicability be limited to the old theory within the limits of its applicability. Turning to the theory of new concepts creates important preconditions for further development.
Among the various explanations for the admissibility of the possible limits of applicability of physical laws, the following reasons are the most used. The first is the assumption that there is the limited detalization of phenomena, for which the Heisenberg inequality gives a quantitative expression. Secondly, the restrictions are determined by the real nature of the macroscopic instrument or measuring system. Most devices are presented, finally, as a solid. In principle, it could be argued that any device has an educational effect only within the field of reality where it is. Thus, research results should be expressed in terms of the macroscopic. In other words, concepts and images can be identified and are as- In the study of physical constants, it is noteworthy that they are measured with very high accuracy, which is steadily increasing, which in itself is a testament to the development and perfection of techniques of physical experiment.
Precision research on the measurement and specification of the values of physical constants and meticulous work on harmonization of data obtained by different methods and different groups of researchers are currently carried out.
However, there is an urgent need to improve the accuracy of measurement of B. Menin fundamental physical constants further. This is explained by the desire to improve the axiomatic basis of the International System of units (SI).
To assess the accuracy achieved in the measurements of fundamental physical constants, the concept of relative uncertainty is used. It should be mentioned that this method for identifying the measurement accuracy does not indicate the direction in which one can find the true value of a particular fundamental physical constant. In addition, it involves an element of subjective judgment [1] . For this reason, we offer another method of assessing the credibility of the obtained measurements results.
In [2] , the specific novel foundations in modeling physical phenomena were established. For this purpose, the author discussed a representation of information theory for the optimal design of the model. A metric called comparative uncertainty, by which a priori discrepancy was between the chosen model and the observed material object, was verified. Moreover, the information quantity inherent in the model could be calculated, and proscribes the required number of variables that should be taken into account. It was thus concluded that in most physically relevant cases (micro-and macro-physics), the comparative uncertainty can be realized by field tests or computer simulations within the prearranged variation of the main recorded variable. This article is our attempt to speculate on how the fundamentally new concept of comparative uncertainty can be applied to assess for the identification of recommended target values of the estimated and required experimental relative uncertainty in the field measurements of fundamental physical constants.
Required Techniques
In a background paper [2] , an approach, called the SI ℵ -hypothesis, for calculating the lowest uncertainty of the researched variable based on principles of information and similarity theories, is formulated. Following it, a certain uncertainty exists before starting an experiment due only to the known recorded number of variables. In turn, the dimensionless (DS) comparative uncertainty ε of the DS variable u , which varies in a predetermined DS interval S, for a given number of selected physical dimensional (DL) variables z′′ , and β ′′ (the number of the recorded primary physical variables), can be determined from the
where u ∆ is the DS uncertainty of the physical-mathematical model describing the experiment of measurement of DS variable u with the apriority chosen number of variables; ξ is the number of primary physical variables with independent dimensions; SI includes the following seven ( 
, l m f  are exponents of variables, the range of which has maximum and minimum value; according to [4] , integers are as follows: 
where "−1" corresponds to the occasion when all exponents of variables of primary variables in Equation (2) 
z′ is the total number of DL physical variables in the chosen class of phenomena (COP); in SI frames, every researcher selects a particular COP to study a material object. COP is a set of physical phenomena and processes described by a finite number of primary and secondary variables that characterize certain features of material object from the position with qualitative and quantitative aspects [6] . In studying mechanics, for example, which is widely applied for the Newtonian gravitational constant measurements with a torsion balance, the base units of SI are typically used: L, M, Т (LMT). In publications that study the Boltzmann constant, COP SI ≡ LMТθ is usually realized; β ′ is the number of primary physical variables in the chosen COP.
Equation (1) quantifies u S ∆ caused by the limited number of variables taken into account in the theoretical or experimental analysis of fundamental physical constant value. It also sets a limit on the expedient increasing of the measurement accuracy in conducting experimental studies. In turn, u S ∆ is not a purely mathematical abstraction. It has a physical meaning, consisting of the fact that in nature there is a fundamental limit to the accuracy of displaying any observed material object, which cannot be surpassed by any improvement of instruments and methods of measurement. The reality of the environment is the obvious a priori condition for modeling the investigated material object. By allocating the interested process or phenomenon, the unknown relationships between the content of object and the environment are "broken". In this context, it is obvious that the overall uncertainty of the model including inaccurate input data, physical assumptions, the approximate solution of the integral-differential equations, etc., will be larger than u ∆ . Thus, u ∆ is only one lowest component of a possible mismatch of a real object and its modeling results.
Equating the derivative of u S ∆ (1) with respect to z β ′ ′ − to zero, we obtain the condition for achieving the minimum comparative uncertainty for a particular COP:
Several remarks should be noted:
1) For mechanics processes (COP SI ≡ LMТ), taking into account the aforementioned explanations and (4), the lowest comparative uncertainty LMT ε can be reached at the following conditions:
where "−1" corresponds to the case when all the primary variable exponents are zero in formula (2) 
In other words, according to (9) , even one DS main variable does not allow one to reach the lowest comparative uncertainty. Therefore, in the frame of the suggested approach, nobody can realize the original first-born comparative uncertainty using any mechanistic model (COP SI ≡ LMТ). Moreover, the greater the number of mechanical parameters, the greater the first-born embedded uncertainty. In other words, for example, the Cavendish method, in the frame of the suggested approach, is not recommended for measurements of the Newtonian gravitational constant.
Such statements appear to be highly controversial, and one might even say, very unprofessional, not credible and far from current reality. However, as we shall see below, the proposed approach allows the obvious conclusions not to be made, consistent with practice.
2) For electromagnetism processes (COP SI ≡ LMТI), taking into account (4), the lowest comparative uncertainty can be reached at the following conditions: 
Let us now try to apply the aforementioned method for the analysis of the accuracy of some physical laws, and determine the minimum possible, relative, measurement uncertainty of several fundamental physical constants.
Applications

Law of Gravitation
According to the law of universal gravitation, which is the greatest generalization achieved by the human mind, two bodies act on each other with a force that is inversely proportional to the square of the distance between them, and directly proportional to the product of their masses. The coefficient of proportionality is the gravitational constant G. Then, in accordance with the theory of measurement, the total absolute measurement uncertainty of force will be greater than the uncertainty of each variable included in this formula. In this case, we could draw the following conclusion. If we can find out the value of the smallest uncertainty in the measurement of the gravitational constant, then we could declare the appropriate experimental accuracy in the determination of the forces of attraction in the law of gravitation.
In [7] , 
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The obtained data are summarized in Table 1 . Judging the data by the relative 
According to these data, the development of a larger number of designs and improvement of the various experimental facilities for the measurement of the gravitational constant using schemes combining a torsion balance and electromagnetic equipment is an absolute must in order to achieve results closer to the minimum comparative uncertainty ( ) 
Heisenberg's Uncertainty Relation
We have applied the SI ℵ -hypothesis for a novel theoretical evaluation of Heisenberg's uncertainty relation in one-dimensional space based on a mathematical formulation of the comparative uncertainty.
The theoretical limit of accuracy of any measurements for the DL standard deviation of coordinates x ∆ (uncertainty of position) and DL standard deviation of the momentum p ∆ (uncertainty of momentum) is the following 2,
where
, and h denotes Planck's constant. We can obtain:
where X ∆ denotes the DS standard deviation of coordinate X,. P ∆ denotes the DS uncertainty of the DS momentum P, x S denotes the DS considered range of changes of the measured DS variable X, p S denotes the DS considered range of changes of the DS momentum P.
Equation (22) and Equation (23) are realized due to the following ( ) ( ) 0.004756,
Taking into account (28) and (29) This Equation (31) is objective and independent from the presence of the conscious observer conducting measurements. Thus, according to equation (36) the interval of the particle location and the interval of the particle momentum cannot be known with absolute precision simultaneously. The more precisely one specifies the location of the particle, the larger the degree of uncertainty of the particle's momentum, and vice versa.
Equation (31) 
Fine Structure Constant
The desire to measure the fine-structure constant α with a great accuracy has gained paramount importance, because α is directly connected to the problem of understanding the physical nature of elementary particles; it appears not to be separated from them, and is their depth property.
Analyses of the fine structure constant measurements during 2006-2014 were realized. Principles of research and treatment of results are similar to the scheme set out in Chapter 3.1. The data are summarized in Table 2 and Figure 1 .
The fact is that the measurement accuracy of α has not significantly changed during the last nine years in terms of the attained relative r α and comparative S Figure 1 . Graph summarizing the partial history of fine structure constant measurement, displaying the changes of comparative uncertainty.
Plank's Constant
The great importance of the Planck's constant in modern physics causes a situation where many studies have been dedicated to its measurement [32] [33].
However, the experiment results show discrepancies.
We analyzed several scientific publications of 2007-2014 from the position of the attained relative and comparative uncertainties values following the same scheme that is introduced in Chapter 3.1. The data are summarized in Table 3 .
It can be argued that, according to the results presented, as in the case of the gravitational constant and the fine structure constant measurements, the accuracy of measurements of Planck's constant has not improved significantly over the past seven years. All studies were conducted as part of COP SI ≡ LMТI. The minimum comparative uncertainty equal to 0.0244 (13) was not achieved. According to data of 
Boltzmann Constant
The analysis of the Boltzmann constant b k plays an increasingly important role [39] in our physics today to ensure the correct contribution to the next CODATA value and to the new definition of the Kelvin. This task is more difficult and crucial when its true-target value is not known. This is the case for any methodologies intended to look at the problem from a possible another view, and which, maybe, have different constraints and need special discussion.
Analysis of the Boltzmann constant measurements made during 2007-2015
shows that none of the current experimental measurements that calculate k b have declared an uncertainty interval in which the true value can be placed. Table   4 and Figures 2-4 . By analyzing theoretical methods and experimental schemes, one can declare that results were obtained using COP SI ≡ LMТΘ or COP SI ≡ LMТΘI.
It can be seen from the data given in Table 4 and To realize this goal, scientists must be prepared to spend sufficient resources.
However, the key data that provide the 2010 recommended value of b k would appear to be close to meeting CODATA requirements [19] . At the same time, the development of a larger number of designs and improvements of various experimental facilities for the measurement of the Boltzmann constant is required in order to bring the results closer to the minimum comparative errors
We can argue about the order of the desired value of the relative uncertainty of COP SI ≡ LMТΘ that is usually used for measurements of the Boltzmann constant. For this purpose, we take into account the following data: 
Discussion
Under the proposed approach, for each mathematical model of physical law, there is an uncertainty, which initially, before the full-scale experimental studies, or computer simulations, describes its proximity to the examined physical phenomenon or process. This value is called the comparative uncertainty. Nevertheless, since the proposed method is not associated with the specific structure of the model, which may change, it is more common, simple, and leads to the solution of specific problems, without requiring detailed information about the set of variables. However, the internal mechanism of phenomena is not disclosed.
Qualitative and quantitative conclusions from the relations obtained are consistent with practice. They are as follows:
We conducted a theoretical evaluation of the Heisenberg uncertainty relation, based on the mathematical formulation of the comparative uncertainty. The modified Heisenberg uncertainty relation is introduced, as the first approximation, in a form that depends on only fundamental physical constants. Its value does not change in time and space, and is independent of the presence of the conscious observer conducting measurements.
From this study, we can conclude that fundamentally new analysis is an attempt to use comparative uncertainty instead of relative uncertainty in order to verify the accuracy of the physical laws and comparing the results of various measurements of fundamental physical constants. It can be implemented, assuming that their values are within the selected range. However, this idea cannot be proven, because the choice of the interval depends on our previous knowledge, which can be flawed. At the same time, the approach determines the most simple and reliable way to select a model with the optimal number of selected variables. This will greatly diminish the duration of the studies as well as the design stage, thereby reducing the cost of the project.
Of course, the choice of the range of variations is controversial because of its apparent subjectivity. However, our ability to predict the values of the fundamental physical constants by use of comparative uncertainty allows us to improve the scientific understanding of complex phenomena, and to apply this understanding to solve specific problems. In addition, the prospect of an additional solution to the problem will help researchers to understand the current situation and to identify specific ways to solve it.
Conclusions
In addition to the relative uncertainty analysis, the introduced approach could enable a new methodology that will help the additional monitoring accuracy of physical laws and fundamental physical constants. The use of the ℵ -hypothesis only limits the domain of applicability of measurement theory for uncertainties that are much larger than the uncertainty of the physical-mathematical model due to its finiteness.
By introducing the comparative uncertainty concept along with known physical laws, we can verify the required relative uncertainty values of fundamental physical constants that must be recommended for identifying concrete ways to perfect SI.
The suggested approach is a mathematical tool that allows one to describe a physical system with the lowest uncertainty, which is a surprisingly simple relation.
The ℵ -hypothesis might be applicable to experimental verification. In general, it is available when the researcher has all the information about the changes interval of the main variable. Moreover, the ℵ -hypothesis provides new functionalities useful for micro-and macro-physics, including engineering, astronomy, and quantum electrodynamics.
The comparative uncertainty is a peculiar metric for assessing the measurement accuracy of physical laws and fundamental physical constants.
